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(54) PROCESS FOR PRODUCING 2-(HAL0METHYL)PHENYLACEnC ACID ESTERS 



(57) 2-(Halomethyl)phenylacetic acid esters (3) which are useful as Intermediates for producing agricultural fungi- 
cides are produced efficiently and conveniently by reacting a 3-isochromanone derivative (1) with a hydrogen halide 
and an alcohol or reacting (1 ) with a halomethyl all<yl ether and then reacting the product with an alcohol in the presence 
of a tiase. The starting conpound, 3-isochromanone (1), is produced in good yield by reacting an a,a'-o-xylene dihalide 
(4) with carbon monoxide and water in an organic solvent in the presence of a palladium catalyst arxJ an inorganic base 
and then treating the product with an acid. 
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Description 

FIELD OF THE INVENTION 

This invention relates to a process for producing 2-(halomethyl)phenylacetic add esters which are intermediates for 
synthesizing cephalosporin antibiotics and are also ejected to be intermediates for synthesizing fungicides for agricul- 
tural use. and relates to a process for producing 3-isochromanones which are starting materials for producing the 2- 
(halomethyl)pheny]acetic add esters. 

BACKGROUND OF THE ART 

Anfiong the known processes for synthesizing 2-(halomethyl)phenylacetic acid esters is a process starting with 
xylene (Japan Kbkai Tokkyo Koho. JP 59-193370), but it is not deemed useful because of Involvement of many steps 
and poor selectivity. 

A process comprising reacting 3-isochromanone with a,a.a'-trichlorodimethyl ether into 2-(ch!oromethyl)phenyta- 
cyl chloride Is also known [J. Prakt. Chem., 12 (1966)). However, the yield Is low, and a further reaction with an alcohol 
is required for producing 2-(chloromethyl)phenylacetic acid esters. There is no report on synthesis of 2-(halomethyl)- 
pehnylacetic acid esters using 3-isochromanone as a starting material. 

Known processes for producing 3-isochromanones referred to above as a starting material indude (1) chlorometh- 
ylation of a substituted phenylacetic add (J. Chem, Soc.. 178 (1927)), (2) reaction between o-bromomethylbenzyl alco- 
hol and carbon monoxide in the presence of a palladium catalyst {J. Amer. Chem. Soc., 4193 (1980)), (3) oxidation of 
2-indanone with a peroxide, such as metachloroperbenzoic acid, in a solvent in accordance with Bayer-Villiger rear- 
rangement [Synthesis, 818 (1981)), (4) cyclization of a-methoxy-a'-cyano-o-xylene with sulfuric acid (J. Chem, Soc., 
2819 (1954)), (5) cyclization of ethyl o-ethoxycart)onylphenytacetate with diisobutylaluminum hydride fbllcwed by oxida- 
tion {Tetrahydron Letters, 2359 (1973)), and (6) reaction between o-methylbenzyl alcohol and butyl lithium followed by 
reaction with carbon dioxide (Tetrahydron Letters, 1233 (1983)). 

The process (1) has a poor yield and is not necessarily regarded advantageous for industrial production. The proc- 
esses (2) to (6) involve difficulties in preparing the starting materials used so that the synthesis of 3-isochromanones 
must begin with purification of the starting material. These processes therefore comprise an increased number of steps, 
which is disadvantageous for cost and yield, and none of them can be a useful process for industrially produdng 3-iso- 
chromanones. 

DISCLOSURE OF THE INVENTION 

The inventors have conducted various studies for providing industrial and economical processes for producing 2- 
(halomethyl)phenylacetic acid esters and 3-isochromanones that are starting materials of the 2-(halomethyl)phenylace- 
tic acid esters. As a result, it has now been found that 2-(halomethyl)phenylacetic acid esters can be prepared selec- 
tively and in good yield under mild conditions by (1) reacting a 3-isochron^none with a hydrogen halide arxJ an alcohol 
or (2) reacting a 3-lsochromanone with a dihalomethyl alkyi ether and reacting the reactant with an alcohol. It has also 
been found that the starting 3-isochromanones can be prepared in a short time with good selectivity and yield by react- 
ing an o-xylene dihalide derivative, which is an industrially economical material, with cartx)n monoxide and water in an 
organic solvent in the presence of a hydrogen halide capturing agent and a catalyst. 

That is, the present invention relates to a process for produdng 2-(halomethyl)phenylacetic acid esters represented 
by the following formula (3): 



wherein R** represents a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 cart}on atoms, or an alky- 
loxy group having 1 to 6 cart>on atoms; R^ represents an alkyl group having 1 to 6 carbon atoms; and X represents a 
halogen atom. 

which comprises reacting a 3-isochromanone represented by the following formula (1): 




(3) 
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(1) 



wherein R** has the same meaning as defined above, 

with a hydrogen halide and an alcohol represented by the following formula (2): 

10 

R^OH (2) 

wherein R^ is the same meaning as defined above. 
Furthermore, the present invention relates to a process for producing 2-(halom6thyl)phenylacetic acid esters rep- 
75 resented by the following formula (3): 



(3) 

20 " ^X^^^COOR* 



wherein R^ represents a hydrogen atom, a halogen atom, an alkyi group having 1 to 6 cartx)n atoms, or an alky- 
25 loxy group having 1 to 6 cartx)n atoms: R^ represents an alkyI group having 1 to 6 carbon atoms; and X represents a 
halogen atom, 

which comprises: 



reacting a 3-isochromanone represented by the following formula (1): 



30 



35 



'CO. 



(1) 



wherein R^ Is the same meaning as defined above, 
with a dihalomethyl alkyt ether to obtain a reactant; and then 
40 reacting the reactant with an alcohol represented by the following formula (2): 

R^OH (2) 

wherein R^ is the same meaning as defined above, 
45 in the presence of a base. 

Moreover, the present invention relates to a process for producing 3-isochromanones represented by the following 
formula (1): 



■ca 



so 

(1) 



55 



wherein R'' represents a hydrogen atom, a halogen atom, an alkyt group having 1 to 6 cartx)n atoms, or an alky- 
loxy group having 1 to 6 cartx>n atoms. 
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which comprises: 

reacting an a,a'-o-xylene dihalide derivative represented by the follcwing formula (4): 

10 

wherein R"* is the same meaning as defined above; and X represents a halogen atom, 
with carbon monoxide and water in the presence of a hydrogen hatide capturing agent and a catalyst to obtain a 
reactant; and then 
75 treating the reactant with an acid. 

In the first process for producing 2-(halom6thyl)phenylacetic acid esters using a hydrogen halide. it seems that the 
reaction between a S-isochromanone and a hydrogen halide results in opening of the lactone ring to provide, as an 
intermediate, a 2-(halomethyl)phenylacetic add represented by the following formula (5): 

20 




25 



wherein and X are the same meanings as defined above. The 2-(halomethyl)phenylacetic acid then reacts with the 
alcohol represented by formula (2) to obtain the 2-(halomethyl)phenylacetic acid esters represented by formula (3). In 
the first process, while the alcohol may be added after the reaction between the S-isochromanone and the hydrogen 
30 halide, it is preferable for the sake of operating convenience that the reaction with the hydrogen halide be in the pres- 
ence of the alcohol. 

In the second process for producing 2-{halomethyl)phenyfacetic add esters using a dihatomethyl alkyi ether, the 
reaction between the 3-isochromanone and the dihalomethyl alkyI ether would result in opening the lactone ring to pro- 
vide, as an intermediate, a 2-(halomethy1)phenytacetyl halide represented by the following formula (6): 

40 



wherein R^ and X are the same meanings as defined above. 

Then, the intermediate reacts with the alcohol in the presence of a base to obtain the 2-(halomethyl)phenylacetic 
acid esters. 

45 In either process, the intermediate product (i.e., the 2-(halomethyl)phenytacetic acid derivative or 2-(halome- 
thyt)phenylacetyl halide derivative), though it could be isolated, can be allowed to react with the alcohol without being 
isolated thereby achieving conversion to the 2-(halomethyl)phenylacetic ackJ esters through one step. 

In formulae (1). (3). (5), and (6), the halogen atom represented by R^ includes a fluorine atom, a chlorine atom, and 
a bromine atom. The alkyI group represented by R^ indudes straight-chain or branched alkyt groups having 1 to 6 car- 

50 bon atoms, such as a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, a sec-butyl group, 
an isobutyl group, a t-butyl group, a pentyl group, a neopenyl group, a hexyl group, and a 1-ethylbutyt group. The alky- 
loxy group represented by R** includes straight-chain or branched alkyloxy groups having 1 to 6 carbon atoms, such as 
a methoxy group, an ethoxy group, a propyloxy group, an isopropyloxy group, a butyloxy group, a sec-butyloxy group, 
an isobutyloxy group, a t-butyloxy group, a pentyloxy group, a neopentyloxy group, a hexyloxy group, and a 1-ethylbuty- 

55 loxy group. 

In formulae (2) and (3), the alkyl group represented by R^ includes straight-chain or branched alkyI groups having 
1 to 6 cart)on atoms, such as a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, a sec- 
butyl group, an isobutyl group, a t-butyl group, a pentyl group, a neopenyl group, a hexyl group, and a 1 -ethylbutyl group. 
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The hydrogen halide that is the reaction reagent used in the first process includes hydrogen fluoride, hydrogen 
chloride, hydrogen bromide, and hydrogen iodide. From the standpoint of reaction efficiency, hydrogen chloride or 
hydrogen bromide is prefenred. To obtain the objective conrpound In good yield, the hydrogen halide is suitably used in 
an amount of 1 to 30 molar equivalents to the reaction substrate. The halogen atom represented by X in the product. 2- 
5 (halomethyQphenyl-acetic acid ester derivative represented by formula (3). is the same as in the hydrogen halide used. 
The dihalomethyl alkyi ether that is a reaction reagent used in the second process includes dichloromethyl methyl 
ether, dibromomethyl methyl ether, dichloromethyl ethyl ether, dibromomethyl ethyl ether, dichloromethyl propyl ether, 
dibromomethyl propyl ether, dichloromethyl isopropyl ether, dibromomethyl isopropyl ether, dichloromethyl butyl ether, 
dibromomethyl butyl ether, dichloromethyl isobutyl ether, dibromomethyl isobutyl ether, dichloromethyl t-butyl ether. 
10 dibromomethyl t-butyl ether, dichloromethyl pentyl ether, dibromomethyl pentyl ether, dichloromethyl hexyl ether, and 
dibromomethyl hexyl ether. Dichloromethyl methyl ether or dibromomethyl methyl ether is preferred for reaction effi- 
ciency. An equivalent of the dihalomethyl alkyt ether to the starting material would be enough stoichtometrically. but use 
of 1 mole or more per mole of the reaction substrate Is preferred for obtaining the objective product in good yield. 
The halogen atom represented by X in the product. 2-(halomethy[)phenylacetic acid esters represented by formula 
75 (3). is the same as in the dihalomethyl alkyI ether used. 

The alcohol represented by fbnnula (2) used in the first and second processes includes straight-chain or branched 
alcohols having 1 to 6 carbon atoms, such as methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, butyl alco- 
hol, isobutyl alcohol, t-butyl alcohol, sec-butyt alcohol, pentyl alcohol, and hexyl alcohol. 

The reaction temperature in the first process is selected from the range of from -20 to 80°C. To secure smooth 
20 progress of the reaction, a temperature of from 0 to 40''C is preferred. 

In the first process, the alcohol as a reaction reagent can serve as a solvent, or an appropriate solvent can be used. 
Suitak)le organic solvents include halogen-containing solvents, such as chloroform and dichloromethane; aliphatic 
hydrocartxjns, such as pentane, hexane. octane, decane, dodecane, tridecane, and tetradecane; aromatic solvents, 
such as toluene, xylene, chlorobenzene, dichlorobenzene, and tetralin; and mixtures thereof. Any other solvents can be 
25 used as long as no adverse influence is exerted on the reaction. 

The base which can be used in the second process includes inorganic salts, such as sodium cart>onate and potas- 
sium cartx)nate; and tertiary amines, such as trimethylamine, triethytamine. tripropylamine, tributylamine. trip- 
entylamine. trihexytamine. triheptylamine, trioctylamine. triphenylamine. and pyridine. Any other bases can be used in 
the reaction as far as no adverse influences is produced on the reaction. 
30 The reaction temperature in the second process is selected from the range of from 0 to 100°C. To secure smooth 
progress of the reaction, a temperature of from room temperature to 60^*0 is preferred. 

The reaction of the second process can be carried out without a solvent, or an appropriate organic solvent can be 
used. Suitable organic solvents include halogen-containing solvents, such as chloroform and dichloromethane; 
aliphatic hydrocartx)ns, such as pentane, hexane, octane, decane, dodecane, tridecane. and tetradecane: aromatic sol- 
35 vents, such as toluene, xylene, chlorobenzene, dichlorobenzene, and tetralin; and mixtures thereof. Any other solvents 
can be used as long as no negative influence is exerted on the reaction. 

The 2-(hatomethyl)phenylacetic add ester derivative (3) prepared by the processes of the present invention can be 
converted to fungicides for agricultural use by, for example, successively reacting with a substituted phenol, an alkyI 
nitrite, and dimethyl sulfate (see, e.g. . EP 049371 1 -A). 
40 TTie 3-isochromanones can be produced by reacting an a,a -o-xylene dihalide derivative represented by the follow- 



50 wherein and X are the same meanings as defined above, with cart>on monoxide and water in an organic solvent in 
the presence of a hydrogen halide capturing agent and a catalyst to obtain a reactant; and then treating the reactant 
with an acid. 

The process for producing the 3-isochromanones seems to proceed as follows. One of the halomethyl groups of 
the a.a'-o-xylene dihalide derivative is oxidatively added to the catalyst to form a benzyl complex. After cartx)n monox- 
55 ide insertion, the complex is hydrolyzed with a base to form a cartx)xylic acid salt. At the same time, the other halome- 
thyl group is converted into a salt of a hydroxymethtyl group by the action of the base thereby to provide, as an 
intermediate product an o-hydroxymethylphenylacetic acid salt represented by the following formula (7): 



ing formula (4): 



45 
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wherein R'' is the same meaning as defined above; M represents an alkali metal or an alkaline earth metal; when n is 
10 1 , m is 2; when n is 2, m is 1. It is considered that the resulting o-hydroxymethylphenylacetic acid salt easily undergoes 
esterification within the molecule thereof under an acidic condition to obtain objective 3-lsochromanones. Accordingly, 
the intermediate product, o-hydroxymethylphenylacetic add salt, could be isolated but can be treated as such, without 
being isolated, with an add to obtain objective 3-isochromanones. 

The halogen atom represented by in formulae (1), (4) and (7) includes a fluorine atom, a chlorine atom, and a 
75 bromine atom. The alkyi group represented by R^ includes straight-chain or branched alkyi groups having 1 to 6 cartx)n 
atoms, such as a methyl groif). an ethyl group, a propyl group, an isopropyt group, a butyl group, a sec-butyl group, an 
isobutyl group, a t-butyl group, a pentyl group, a neopenyl group, a hexyl group, and a 1-ethylbutyi group. The alkyloxy 
group as represented by R^ indudes straight-chain or branched alkytoxy groups having 1 to 6 cartx)n atoms, such as a 
methoxy group, an ethoxy group, a propyloxy group, an isopropytoxy group, a butyloxy group, a sec-butyloxy group, an 
20 isobutytoxy group, a t-butytoxy group, a pentyloxy group, a necpentyloxy group, a hexyloxy group, and a 1 -ethylbutyloxy 
group. 

The catalyst to be used in the production of the 3-isochromanones includes palladium catalysts, cobalt catalysts, 
and iron catalysts. Examples of the palladium catalysts include palladium (II) or (0) complexes, such as palladium chlo- 
ride, palladium bromide, palladium iodide, palladium cyanide, palladium acetate, palladium nitrate. dichlorobis(trimeth* 

25 ylphosphine)i3all8dium. dibromobis(trimethylphosphine)palladium. dichlorobis(triethylphosphine)palladium. 
dibromobis(triethylphosphine]palladium, dilodobis(triethylphosphine) palladium, dichlorobis(tripropylphosphine)i3alla- 
dium, dichlorobis(triisopropytphosphine)paltadium, dibromobis(triisopropylphosphine}palladium. dichtorobis(tributyl- 
phosphine)pa]ladium, dichlorobis(triphenylphosphine)palladium. dibromobis(triphenylphosphine)-palladium, 
diacetatobls(triphenylphosphine)palladium, dichlorobis(tri-o-tolylphosphine)palladium. dichlorobts(tri-o-methoxyphe- 

30 nylphosphine)pa[ladium, dichlorobis(dimethylphenylphosphine)palladium, dichiorobis(diethy1phenylphosphine)palta- 
dium. dibromobis(diethylphenylphosphine)paliadium. dichlorobis(dibutylphenylphosphine)paltadium. 

dichlorobis{tris(dimethylamino)-phosphine}palladium, dichlorobis(trlmethyl phosphite)-palladium, dichloro{1 .2- 
bis(dipheny1phosphino)ethane}-palladium, dihydrotetrachloropalladium, sodium tetrachloropalladate. potassium tetra- 
chloropalladate. potassium tetrabronfX)palladate. bis[{3-sodium sutfonato)-phenyl}diphenylphosphine}dichloropalla- 

35 dium, ammonium tetrachloropalladate, ammonium hexachloropalladate. dichlorodiamminepalladium, 
dich!orobis(benzonitrile)-palladium. dibromobis(benzonTtrile)palladium. diiodobis{benzonitrile)palladium, dichloro- 
bis(acetonitri]e)-palladium. palladium acetate, palladium trifluoroacetate, bis(triphenytphosphine)paltadium diacetate, 
dichloro(cycloocta-1.5-diene)palladium. dicartx)nyldichloropalladium, bisacetylacetonatopalladium. bls(t-butyl-isocya- 
nide)dichloropalladium, di-^-chloro-dichlorobis-(triphenylphosphine)dipalladlum, di-^-chloro-dichlorobis(methylisocya- 

40 nide)dipalladium, tetrakis(triphenylphosphine)palladium, bis(dibutylphenylphosphine)-palladium, 

bis(tributylphosphine)palladium. bi5(tricydohexylphosphine)palladium. tetrakis(triphenyl phosphite)paltadium, tet- 
rakis(triethyl phosphite)-palladium, cart>onyltris(triphenylphosphine)palladium, bis{1 ,2-bis(diphenylphos- 
phino)ethane}pal!adium, tris-(dibenzylideneacetone)dipalladium, (Ti^-ethylene)bis(tri-phenylphosphine)palladium, and 
bis (cydoocta-1,5-diene)-pailadium. 

45 Examples of the cobalt catalysts include cobalt chloride, octacaitx)nyldicoba[t, dodecacartxsnyltetracobalt, hex- 
acarbonylbis(triphenylphosphine)dicobalt, sodium tetracarbonylcobaitate. and potassium tetracartx)ny1cobaltate. 

Examples of the iron catalysts include iron chloride, iron acetate, bis(cyclopentadiphenyl)iron, pentacartx>nyliron, 
nonacartxxiyldiiron, dodecacartx)nyttriiron, and disodium tetracartx)nytferrate. 

The palladium catalyst, cobalt catalyst and/or iron catalyst is/are used in an amount of 0.0001 to 0.5 mol, preferably 

so 0.0005 to 0.1 nfx)l, per mole of the reaction substrate for obtaining the objective product in good yield. 

The ligands, such as phosphine, may previously be coordinated or oxidatively added to the center metal, or the cat- 
alyst may be produced by adding a requisite amount of the ligand(s) to, for example, a metal chloride. A combination of 
a ligandK^ontaining metal complex and an additional ligand can also be used as a catalyst. 

The ligand includes phosphine ligands. such as triphenylphosphine, trimethylphosphine. triethyiphosphine. triethyl- 

55 phosphine, tripropylphosphine, triisopropylphosphine, tributylphospNne, dimethylphenytphosphine, diethylphenylphos- 
phine, dibutylphenylphosphine. tri-o-toiylphosphine, tri-o-methoxyphenylphosphine, tricydohexylphosphlne. 1.2- 
bis(dipheny1phosphino)ethane, 1 ,3-bis(diphenylphosphino)propane, 1 .4-bis(diphenylphosphino)butane. and 
tris(dimethylamlno)phosphine; phosphite ligands. such as trimethyl phosphite, triphenyl phosphite, and triethyl phos- 
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phite; olefins, such as cycloocta-1 .5-ctiene, nortx)rnadiene. nortx)rnene, ethylene, dibenzylideneacetone. and malelc 
anhydride; acetato, trrfluoroacetato, acetylacetonato; Isocyanlde llgands. such as t-butyllsocyanide. cydohexyliscx;ya- 
ntde, and methyliscx:yanlde; a chlorine atom, a bromine atom, an Iodine atom, and a cyano group. For obtaining the 
objective compound in good yield, the ligand is used in an amount of not more than 10 equivalents, preferably 0.5 to 5 

5 equivalents, to the metal serving as a catalyst 

Tlie reaction for producing the 3-isochromanones is can-led out in the presence of a hydrogen halide capturing 
agent. Any basic substance functioning as a hydrogen halide capturing agent can be used. Examples include alkali 
metal inorganic bases, alkaline earth metal inorganic bases, and tertiary amines. The alkali metal inorganic bases 
include sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium cart^onate, potassium carbonate, sodium 

10 hydrogencarbonate, potassium hydrogencarbonate, and sodium acetate. The alkaline earth metal inorganic bases 
include calcium hydroxide, calcium oxide, magnesium hydroxide, barium hydroxide, strontium hydroxide, and magne- 
sium carbonate. The tertiary amines include pyridine, triethyiamine, trimethylamlne, and tri-n-butylamine. Of these 
bases, inorganic bases, such as alkali metal inorganic bases and alkaline earth metal inorganic bases, are preferred. 
In particular, alkaline earth metal inorganic bases, such as calcium hydroxide, are still preferred for better yield. The 

15 anfK)unt of the base to be used for obtaining the objective compound in good yield is 1 to 10 molar equivalents to the 
reaction substrate. 

Carbon nfK)nQxide, a reaction reagent in the production of the 3-isochromanones, is used in an amount necessary 
for performing the reaction with no limitation on its pressure. It is preferable for producing S-isochromanoes in a short 
time with good yield and selectivity that the reaction be conducted under a reaction pressure (inclusive of the carbon 

20 monoxide partial pressure) not lower than atmospheric pressure. Caitx)n monoxide can be used in combination with an 
inert gas causing no harm to the reaction, such as nitrogen gas. 

Water, which is another reaction reagent for the production of the 3-isochromanones, may be present in the reac- 
tion system from the start of the reaction, but it is nnore effective from the viewpoint of reaction yield that the reaction be 
performed while gradually adding water to the reaction system. The manner of slow addition of water is not particularly 

25 restricted. A requisite amount of water can be added dropwise continuously, or a requisite amount of water can be 
added in several appropriately divided portions at time intervals. The rate of adding water, while dependent on the reac- 
tion conditions, is selected from the range of from 1 to 100 g/hr-mol for obtaining the objective conrpound in good yield. 
In portionwise addition, the requisite amount of water is divided in several portions corresponding to this feed rate. 
Water is preferably used in an amount of not less than 3.0 nrx>lar equival&its to the reaction substrate. If the amount 

30 of water is too small, the reaction does not conplete. 

The reaction is carried out in an organic solvent. An alcohol having 3 to 10 cart)on atoms is a prefen^ed solvent from ' 
the standpoint of reaction efficiency. A mixed solvent of the alcohol and an ether solvent, such as telrahydrofuran, 1 ,4- 
dioxane or diethyl ether, can also be used. Examples of the alcohol solvents having 3 to 10 carbon atoms are propyl 
alcohol, isopropyl alcohol, butyl alcohol, sec-butyl alcohol, isobutyl alcohol, t-butyl alcohol, pentyt alcohol. 2-pentyl alco- 

35 hol, 3-pentyl alcohol. 2-methyl-2-butyl alcohol, 3-methyl-2-butyl alcohol, hexyl alcohol, 2-hexyl alcohol. 3-hexyl alcohol, 
2,3-dimethyl-2-butyl alcohol, 2-methyl-2-pentyl alcohol, 4-methyl-2-pentyl alcohol, heptyl alcohol. 3-heptyl alcohol, 2- 
methyl-2-hexyl alcohol. 3-methyl-3-hexyl alcohol, octyl alcohol. 2-octyl alcohol, 3-octyl alcohol, 4-octyl alcohol, nonyl 
alcohol, 1-methyl-1 -octyl alcohol, decyl alcohol, 2<lecyl alcohol, cyclopentyl alcohol, cyclohexyl alcohol, 1-methyl-1- 
cyclohexyl alcohol. 1 -ethyl- 1 -cyclohexyl alcohol, menthol, and borneol. Isopropyl alcohol, butyl alcohol, sec-butyl alco- 

40 hol, t-butyl alcohol, and 2-methyl-2-butyl alcohol are prefen^ed for their availability and smooth progress of the reaction. 
Because of the presence of water, the reaction system is a water/organic solvent two-phase reaction system. 
Therefore, the reaction is conducted under vigorous stirring to attain a good yield. The term "vigorous stirring" as used 
herein means such agitation as achieved by rotating stinring wings at a speed of 500 rpm or higher in a cylindrical reac- 
tion vessel with no baffle plate, the wings having a diameter of about 1/3 to 3/5 of the diameter of the reaction vessel. 

45 If desired, the reaction progress can be irrproved by using a phase transfer catalyst. The phase transfer catalysts 
include anionic surface active agents, such as alkylsufbnates, alkyibenzenesulfonates. alkylnaphthalenesulfonates, 
alkylsulfates, alkylphosphates, and alkyi ether phosphates; cationic surface active agents, such as aliphatic quaternary 
ammonium salts, aromatic quaternary ammonium salts, and heterocyclic quaternary ammonium salts; amphoteric sur- 
face active agents; and nonionic surface active agents. Among these, preferred are generally employed alkylsulfonates, 

50 alkyibenzenesulfonates. alkylsulfates, and quaternary ammonium salts for their availability. 

Examples of the sulfonates and suKates are sodium l-butanesuHbnate, sodium 1 -pentanesulfbnate. sodium 1-hex- 
anesulfonate. sodium 1-heptanesulfbnate, sodium 1-octanesulfonate, sodium 1-nonanesulfonate, sodium 1-decanesul- 
fonate, sodium 1 -undecanesuKonate, sodium l-dodecanesuHonate. sodium l-tridecanesuKbnate, sodium 4- 
octylbenzenesulfonate. sodium dodecylbenzenesulfonate. sodium 1 -naphthalenesulfonate. sodium 2-naphthalenesul- 

55 fonate, sodium 1 .5-diisopropyl-naphthalenesulfonate, sodium 1 .5-di(sec-butyl)-naphthalenesulf6nate, sodium dodecyi- 
sulfate, sodium tridecylsulfate, sodium 7-ethyt-2-methylundecylsulfate, and sodium polyaxyethy1ene(nonylphenyl)6ther 
sulfate, and potassium salts corresponding to these sodium salts. 

Examples of the quaternary ammonium salts are tetramethylammonium chloride. tetramethylamnfK)nium bromide, 



7 




EP 0 834 497 A1 



tetramethylammonium iodide, tetramethytammonium borofluoride. tetramethylammonium perchlorate, tetramethylam- 
monium borofluoride, tetramethytammonium p-toluenesulfbnate, tetraethylammonium chloride, tetraethylammonium 
bromide, tetraethylammonium iodide, tetraethylammonium borofluoride, tetraethylammonium perchlorate, tetraethyl- 
ammonium borofluoride, tetraethylammonium p-toluenesutfbnate, tetraethylammonium trifluoromethanesulfbnate, 

5 tetrapropylammonium chloride, tetrapropylammonlum bromide, tetrapropylammonium iodide, tetrabutylammonium 
chloride, tetrabutylammonium bromide, tetrabutylammonium iodide, tetrabutylammonium fluoride, tetrabutylammonium 
borofluoride. tetrabutylamnrwnium perchlorate, tetrabutylammonium sulfate, tetrabutylammonium p-toluenesutfonate. 
tetrapentylammonium chloride, tetrapentylammonium bromide, tetrapentylammonium iodide, tetrahexylammonium 
chloride, tetrahexylammonium bromide, tetrahexylammonium iodide, tetraheptylammonlum chloride, tetraheptylammo- 

70 nium bromide, tetraheptylammonlum iodide, tetraoctylammonium bromide, tetraoctylammonium iodide, tetraphenylam- 
nfK>nlum chloride, tetraphenylammonium bromide, tetraphenylammonium Iodide, methyttrloctylammonium chloride, 
dodecyltrimethylammonium chloride, benzyltributylammonium chloride, benzyltrlethylammonium chloride, benzyltri- 
ethylammonlum bromide, ethyltripropylammonium iodide, phenyltrimethytammonium chloride, phenyttrlmethylammo- 
nlum bromide, phenyltriethylammonlum chloride, dodecylbenzyldimethylammonium bromide, cetyltriethylammonlum 

75 bromide, hexadecapyridinium bromide, tetrabutylammonium hydroxide, and benzyltrimethylammonlum hydroxide. 

While not particularly limiting, the phase transfer catalyst is used in an amount of 0.001 to 0.03 mol per mole of the 
starting material for obtaining Snsochromanones (1) In good yield. 

The reaction temperature usually ranges from 0 to 120°C while varying depending on the catalyst base, solvent, 
etc. used in the reaction. For snfK)oth progress of the reaction, the temperature is preferably selected from room tem- 

20 peratureto lOO^'C. 

After completion of the carbonylation reaction, the produced o-hydroxymethylphenytacetic acid salt is collected by 
filtration, to which an acid, such as hydrochloric add. is added to cause esterification within the molecule. The 3-iso- 
chromanones produced are isolated through ordinary operations, such as extraction, concentration, column purifica- 
tion, and the like. Alternatively, an acid, e.g., hydrochloric add, can t>e added directly to the reaction mixture, and the 

25 insoluble matter is separated by filtration, and the 3-isochromanones are isolated through ordinary operations, such as 
extraction, concentration, and column purification. 

The catalyst used in the above reaction can separated as follows. The cartx)nylation reaction mixture is filtered 
to separate a solid mixture of the catalyst and the o-hydroxymethylphenylacetic acid salt, and an acid, e.g.. hydrochloric 
acid, is added to the mixture, followed by filtration to separate the spent catalyst as an insoluble matter. The collected 

30 catalyst is suspended in hydrochloric add. and chlorine gas is introduced to oxidize the catalyst to recover as a hydro- 
chloride of a metal chloride. Alternatively, an add, e.g., hydrochloric add, is added directly to the reaction mixture, and 
chlorine gas is Introduced therein to oxidize the catalyst. After an organic matter containing the produced 3-isochro- 
manones is isolated by extraction, the aqueous solution of a hydrochloride of a metal chloride is concentrated, and an 
appropriate amount of an alcohol solvent. e.g., ethanol. and of a llgand. e.g.. triphenylphosphine, are added thereto. 

35 The precipitated complex Is collected by filtration. 

The 3-isochromanone derivative (1) obtained by the process of the present Invention is allowed to react with, for 
exanple, trimethyt orthoformate and a boron trif luoride diethyl ether complex, and the product is allowed to react with 
hydrochloric add to provide 4-(a-methoxy)methylene-3-lsochromanone or 4-(a-hydrQxy)-methylene-3-isochromanone 
in good yield (see Reference Examples 1 and 2), which can be an intermediate for the production of fungicides for agri- 

40 cultural use (see. e.g., WO 95/25729-A). 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will now be Illustrated in greater detail by way of Reference Examples and Exanrtples, but it 
45 should be understood that the present invention is not limited thereto. 

EXAMPLE 1 

In a 200 cc flask equipped with a stirrer, a thermometer, a tube for introducing hydrogen chloride, and an exhaust 
so gas trap were charged 71 .2 g (2.22 mol) of methyl alcohol and 1 7.8 g (0.1 16 mol) of 3-isochromanone (purity: 96.9%). 
Into the mixture was introduced 65.6 g (1 .80 mol) of hydrogen chloride over a 6-hour period while vigorously stinring the 
mixture at a temperature of 10 to 20''C. Methyl alcohol was removed by evaporation under reduced pressure, and 100 
ml of ethyl ether and 50 ml of water were added thereto to separate into an organic layer and an aqueous layer. Ethyl 
ether was evaporated from the organic layer, and the oily residue was distilled under reduced pressure to collect the 
55 fraction having a boiling point of 1 15**C (3 mmHg) (22.5 g). As a result of analyses with a gas chromatograph and a 
mass spectrometer, the product was confirmed to be methyl 2-(chloromethyl)pheny1acetate. The purity of the product 
was found to be 96.4% (yield: 93.8%). 
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EXAMPLE 2 

To a solution of 1 .0 g (6.75 mmol) of 3-isochromanone in 1 0 ml of toluene was added 2.68 ml (29.7 mmol) of dichlo- 
romethyl methyl ether, followed by stirring at room temperature for 24 hours. A mixed solution of 3 ml of methyl alcohol 
5 and 1 . 1 ml of pyridine was added thereto at room temperature. After stirring for an additional 2 hour period, 20 ml of 1 N 
hydrochloric acid was added thereto, and the reaction mixture was extracted with three 20 ml portions of ethyl ether. 
The ether extracts were combined and washed with two 20 ml portions of 1N hydrochloric acid. Ethyl ether was 
removed by evapaation, and the residue was purified with silica gel column chromatography (ethyl acetate : hexane = 
1 : 4) to obtain 0.912 g (yield: 68.0%) of pure methyl 2-(chloromethy1)phenylacetate. 

10 

EXAMPLE 3 

To a solution of 1 .0 g (6. 75 mmol) of 3-isochromanone in 1 0 ml of toluene was added 2.68 ml (29.7 mmol) of dichlo- 
romethyi methyl ether, and the mixture was stirred at 60**C for 24 hours. After cooling to room temperature, a mixed 
15 solution of 3 ml of methyl alcohol and 1 . 1 ml of pyridine was added thereto, followed by further stirring at room temper- 
ature for 24 hours. To the reaction mixture was added 20 ml of 1 N hydrochloric acid, followed by extraction with 20 ml 
of ethyl ether. The combined ether extract was washed with two 20 ml portions of 1 N hydrochloric acid. Ethyl ether was 
evaporated, and the residue was purified with silica gel column chromatography (ethyl acetate : hexane = 1 : 4) to obtain 
1.034 g (yield: 77.1%) of pure methyl 2-(chloromethyl)phenylacetate. 

20 

EXAMPLE 4 

In a 300 cc stainless steel-made autoclave were charged 175 mg (0.250 mmol) of dichlorobis(triphenylphos- 
phine)palladium. 145 mg (0.555 mmol) of triphenylphosphine, 8.75 g (50.0 mmol) of a,a'-a-xylene dichloride. 7.80 g 

25 (1 05 mmol) of calcium hydroxide. 8.0 ml of water, and 1 00 g of t-butyl alcohol. The atmosphere inside the autoclave was 
displaced with carbon monoxide three times. The reaction mixture was stin'ed at 70''C for 1 hour in a carbon monoxide 
atmosphere at 2 atm (gauge pressure: 1 kg/cm^. After the reaction, the mixture was cooled to room temperature, and 
100 ml of water was added thereto, followed by filtration to separate into an insoluble solid and an alkaline filtrate. The 
alkaline filtrate was washed with two 25 ml portions of ethyl ether, and the aqueous layer was made acidic by addition 

30 of 30 ml of concentrated hydrochloric acid and extracted with two 100 ml portions of ethyl ether. A 3N-hydrochloric acid 
was also added to the separated insoluble solid, the insoluble palladium catalyst was removed by filtration, and the fil- 
trate was extracted with two 50 ml portions of ethyl ether. All the ethyl ether extracts were combined and concentrated 
under reduced pressure to obtain 5.65 g (yield: 76.7%) of 3-isochromanone. 

The ether washing of the alkaline filtrate was evaporated under reduced pressure to remove the solvent and the like 

35 to recover 0.273 g of o-xylene dichloride. 

Melting point: 76-77*C 
^H-NMR(CDCl3. TMS. ppm): 

5 3.70 (2H. s), 5.33 (2H. s). 7.33 (4H. s) 

40 

EXAMPLE 5 

In a 300 cc round flask were put 350 mg (0.500 mnnol) of dichlorobis(triphenylphosphine)palladium, 290 mg (1.1 1 
mmol) of triphenylphosphine, 7.80 g (105 mmol) of calcium hydroxide, and 100 g of t-butyl alcohol. After displacing the 

45 atmosphere with carbon monoxide three times, the mixture was stin'ed at 70°C for 1 hour in a carbon monoxide atnrK>s- 
phere under atmospheric pressure. Then 8.75 g (50.0 mmol) of a.a'-o-xylene dichloride was added, and the stirring 
was continued for an additional 3 hour period at the same temperature under atmospheric pressure of carijon monox- 
ide. To the mixture were added one 1.0 ml portion and four 2.0 ml portions of water in this order at intervals of 3, 2, 2, 
and 2 hours, and the stinging was continued. The total amount of water added was 9.0 ml. After completion of the reac- 

50 tion (21 hours* reacting), it was confirmed with gas chromatography that the starting material had completely disap- 
peared. The reaction mixture was cooled to room tenrtperature. and 1 00 ml of water was added, followed by filtration to 
separate into an insoluble solid and an alkaline filtrate. The alkaline filtrate was washed with two 25 ml portions of ethyl 
ether, made acidic by addition of 30 ml of concentrated hydrochloric acid, and extracted with two 1 00 ml portons of ethyl 
ether. On the other hand, 3N hydrochloric acid was added to the separated insoluble solid, and the insoluble palladium 

55 catalyst was separated by filtration. The filtrate was extracted with two 50 ml portions of ethyl ether. All the ethyl ether 
extracts were combined and concentrated under reduced pressure to obtain 6.43 g (yield: 87.4%) of 3HSOchromanone. 
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EXAMPLE 6 



In a 100 ml flask equipped with a stirrer, a thermometer, and a tube for introducing carbon ownoxide were charged 
8.75 g (0.05 mol) of a,a'-o-xylene dichtoride, 20 g of butyl alcohol as a solvent, 6.3 g (0.16 mol) of sodium hydroxide. 

5 25.2 g of water, 0.58 g of tetrakis(triphenylphosphine)palladium. and 0.04 g of sodium 1-heptanesulfbnate as a phase 
transfer catalyst. The mixture was vigorously stirred while maintaining the inner tenrperature at 70''C In a carbon mon- 
oxide atmosphere. After 3 hours, tiie reaction mixture in the flask was separated into an organic layer and an aqueous 
layer. The aqueous layer was rendered acidic with hydrochloric acid and extracted with ethyl ether. The carbon monox- 
ide absorption during the 3 hours' reacting was about 700 ml. The resulting ether extract was evaporated under reduced 

10 pressure to remove etiiyl ether to afford crystals weighing 4.1 g (yield: about 55%). Gas chromatographic analysis on 
the crystals showed that tiie product was 3-isochromanona The structure was confirmed tiirough NMR and IB analy- 
ses. The purity was found to be 96.2%. 

EXAMPLE 7 

15 

In a flask were charged 8. 75 g (0.05 md) of a,a'-o-xylene dichloride. 1 00 g of t-butyl alcohol as a solvent, 1 2. 1 g of 
calcium hydroxide, 2.8 g of water. 0.35 g of bis(triphenylphosphine}palladium (II) chloride, 0.29 g of triphenylphosphine, 
and 0. 1 3 g of benzyltriethylammonium chloride as a phase transfer catalyst. After displacing the Inside of the flask with 
carbon monoxide, the mixture was vigorously stinred at 70''C in a car1x)n monoxide atmosphere. After 17 hours* react- 
20 ing, the insoluble calcium hydroxide was separated by filtration, and tiie filtrate was treated in tiie same manner as in 
Example 6 to obtain 4.7 g (yield: 63.5%) of 3-isochromanone. TTie purity was 99.0% as analyzed with gas chromatog- 
raphy To the insoluble matter separated by filtration was added diluted hydrochloric acid, followed by extraction with 
etiiyt etiier. The etiiyl ether extract was concentrated under reduced pressure to obtain 0.8 g of 3-isochromanone 
(purity: 97%). So, the total yield was 74.3%. 

25 

EXAMPLE 8 

The procedure of Example 6 was repeated, except for replacing a,a'-o-xylene dichloride with 13.2 g (0.05 mol) of 
a,a*-o-xylene dibromide and replacing butyl alcohol with 20 g of t-butyl alcohol. As a result, 2.9 g (yield: 39.2%) of 3- 
30 isochromanone was obtained. The purity of tiie product was 95.1% as measured by gas chromatographic analysis. 

EXAMPLE 9 

The procedure of Example 6 was repeated, except for replacing butyl alcohol with 20 g of t-butyl alcohol to obtain 
35 3.0 g (yield: 40.2%) of 3-isochromanone. 

EXAMPLE 10 

The procedure of Example 6 was repeated, except for replacing tetrakis(triphenytphosphin6)palladium with penta- 
40 cart>orrylbis (triphenylphosphine) cobalt and replacing sodium 1 -heptanesulfonate with benzyltrimethylammonium chlo- 
ride, to ot>tain 0.5 g (yield: 6.7%) of 3-isochromanone. 

EXAMPLE 11 

45 In a 300 cc round flask were put 350 mg (0.500 mmol) of dichlorobis(triphenylphosphine)palladium, 290 mg (1 .1 1 
mmol) of triphenylphosphine. 7.80 g (105 mmol) of calcium hydroxide, and 100 g of t-butyl alcohol. After displacing tiie 
atmosphere with carbon monoxide tiiree times, tiie mixture was stirred at lO^C for 1 hour in a carl)on monoxide atmos- 
phere under atmospheric pressure. Then 8.75 g (50.0 mmol) of a,a*-o-xylene dichloride and 3.0 ml of water were 
added, and tiie mixture was vigorously stirred for 21 hours at 70°C in a carbon nrtonoxide atmosphere under atmos- 

50 pheric pressure. The reaction mixture was cooled to room temperature, and 100 ml of water was added, followed by 
filtration to separate into an insoluble solid and an alkaline filtrate. The alkaline filtrate was washed witii two 25 ml por- 
tions of ethyl ether, made acidic by addition of 30 ml of concentrated hydrochloric add, and extracted with two 100 ml 
portions of etiiyl etiier. On tiie other hand. 3N hydrochloric acid was added to the insoluble solid separated by f ilti'ation, 
and the insoluble palladium catalyst was separated by filtration. The filtrate was extracted wttii two 50 ml portions of 

55 ethyl ether. All the ethyl ether extracts were combined and concentrated under reduced pressure to obtain 4.02 g (yield: 
54.6%) of 3-isochromanone. The ether washing of the alkaline filtrate was evaporated under reduced pressure to 
remove the solvent and the like to recover 2. 11 g of a,a'-o-xylene dichloride. 
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EXAMPLE 12 



In a 300 cc round flask were put 350 mg (0.500 mnx)l) cf dichlorobis(triphenylphosphlne)palladium, 290 mg (1 .11 
mmol) of triphenylphosphlne. 7.80 g (105 mmo\) of calcium hydroxide, and 100 g of 2-methyl-2-propanol. After displac- 

5 Ing the-atmosphere with cart>on nnonoxide three times, the mixture was stin-ed at 70''C for 1 hour in a cartx)n monoxide 
atmosphere under atmospheric pressure. Then 8.75 g (50.0 mmd) of a,a'-o-xylene dichloride and 8.0 ml of water were 
added, and the mixture was vigorously stin-ed for 1 1 hours at 70''C in a carbon monoxide atmosphere under atmos- 
pheric pressure. The reaction mixture was cooled to room temperature, and 100 ml of water was added, followed by 
filtration to separate into an insoluble solid and an alkaline filtrate. The alkaline filtrate was washed with two 25 ml por- 

10 tions of ethyl ether, made ackiic by addition of 30 ml of concentrated hydrochloric add. and extracted with two 100 ml 
portions of ethyl ether On the other hand. 3N hydrochloric acid was added to the insoluble solid separated by filtration, 
and the insoluble palladium catalyst was separated by filtration. The filtrate was extracted with two 50 ml portions of 
ethyl ether. All the ethyl ether extracts were combined and concentrated under reduced pressure to afford 3.80 g (yield: 
51.3%) of 3-isochromanone. The ether washing of the alkaline filtrate was evaporated under reduced pressure to 

15 remove the solvent and the like to recover 2.53 g of a.a'-o-xylene dichloride. 



In a 300 cc round flask were put 350 mg (0.500 mmol) of dichlorobis(triphenylphosphine)palladium, 290 mg (1 .1 1 
20 mmol) of triphenylphosphlne, 7.80 g (1 05 mmol) of calcium hydroxide, and 1 00 g of t-butyt alcohol. After displacing the 
atnK>sphere with carbon monoxide three times, the mixture was stirred at 70''C for 1 hour in a cartoon monoxide atmos- 
phere under atmospheric pressure. Then 8.75 g (50.0 mmol) of a,a'-o-xytene dichloride and 3.0 ml of water were 
added. A 2.0 ml portion of water was further added thereto 5 times for every 2 hours. Meanwhile the reaction mixture 
was kept stirred vigorously at 70''C under atmospheric pressure of cartx)n monoxide for a total period of 1 1 hours. The 
25 total amount of water added was 1 3.0 ml. After confirming complete disappearance of the starting materia) by gas chro- 
matography, the reaction mixture was cooled to room temperature, and 100 ml of water was added, followed by filtration 
to separate into an Insoluble solid and an alkaline filtrate. The alkaline filtrate was washed with two 25 ml portions of 
ethyl ether, made acidic by addition of 30 ml of concentrated hydrochloric acid, and extracted with two 100 ml portions 
of ethyl ether. On the other hand, 3N hydrochloric acid was added to the insoluble solid separated by filtration, and the 
30 insoluble palladium catalyst was separated by filtration. The filtrate was extracted with two 50 ml portions of ethyl ether. 
All the ethyl ether extracts were combined and concentrated under reduced pressure to furnish 5.98 g (yield: 81 .2%) of 
3-isochromanone. 



In a 300 cc round flask were charged 350 mg (0.500 mmol) of dichlorobis(triphenylphosphine)palladium, 290 mg 
(1.11 mmol) of triphenylphosphine, 7.80 g (105 mmol) of calcium hydroxide, and 100 g of 2-methyt-2-propanol. After 
displacing tfie atmosphere with carbon monoxide three times, the mixture was stirred at 70°C for 1 hour in a carbon 
monoxide atmosphere under atmospheric pressure. Then 8.75 g (50.0 mmol) of a,a*-o-xylene dichloride and 20 ml of 

40 water were added, and the mixture was vigorously stirred for 1 1 hours period at lO^'C in a carbon monoxide atmosphere 
under atrTX)spherlc pressure. The reaction mixture was cooled to room temperature, and 100 ml of water was added, 
followed by filtration to separate into an insoluble solid arxi an alkaline filtrate. The alkaline filtrate was washed with two 
25 ml portions of ethyl etiier. made ackiic by addition of 30 ml of concentrated hydrochloric acki, and extracted with two 
100 ml portions of ethyl ether. On the other hand, 3N hydrochloric add was added to the insoluble solid separated by 

45 filtration, and ttie insoluble palladium catalyst was separated by filtration. The filtrate was extracted with two 50 ml por- 
tions of etiiyl etiier. All tiie ethyl etiier extracts were combined and concentrated under reduced pressure to obtain 4.26 
g (yiekJ: 57.6%) of 3-isochromanone. The ether washing of the alkaline filtrate was evaporated under reduced pressure 
to remove tiie solvent and ttie like to recover 2.94 g of a,a'-o-xylene dichlorkJe. 

so EXAMPLE 15 

In a 300 cc round flask were put 350 mg (0.500 mmol) of dichlorobis(triphenylphosphine)palladium, 290 mg (1.11 
mmol) of triphenylphosphine, 7.80 g (105 mmol) of calcium hydroxide, and 50 g of t-butyl alcohol. After displacing ttie 
atmosphere with carbon monoxkle three times, the mixture was stirred at 70''C for 1 hour in a cartx)n monoxide atnios- 
55 phere under atmospheric pressure. Then 8.75 g (50.0 mmol) of a,a*-o-xylene dichloride and 3.0 ml of water were 
added. A 2.0 ml portion of wat^ was further added thereto 5 times for every 2 hours. Meanwhile tiie reaction mixture 
was kept stirred vigorously at 70°C for 1 1 hours under atmospheric pressure of carbon monoxide. The total amount of 
water added was 13.0 ml. After confirming complete disappearance of the starting material by gas chromatography, ttie 



EXAMPLE 13 



EXAMPLE 14 



35 
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reaction mixture was cooled to room temperature, and 1 00 ml of water was added, followed by filtration to separate into 
an insoluble solid and an alkaline filtrate. The alkaline filtrate was washed with two 25 ml portions of ethyl ether made 
acidic by addition of 30 ml of concentrated hydrochloric acid, and extracted with two 100 ml portions of ethyl ether. On 
the other hand. 3N hydrochloric acid was added to the insoluble solid separated by filtration, and the insoluble palladium 
5 catalyst was separated by filtration. The filtrate was extracted with two 50 ml portions of ethyl ether. All the ethyl ether 
extracts were combined and concentrated under reduced pressure to furnish 6.01 g (yield: 81 .6%) of S-isochromanone. 

EXAMPLE 16 

10 In a 300 cc round f task were put 350 mg (0.500 mrno\) of dichlorobis(triphenylphosphine)palladium, 290 mg (1 .1 1 
mmol) of triphenylphosphine. 7.80 g (105 mmol) of calcium hydroxide, and 100 g of t-butyl alcohol. After displacing the 
atmosphere with cartx)n monoxide three times, the mixture was stirred at 70°C for 1 hour in a cartx)n monoxide atmos- 
phere under atmospheric pressure. Then 8.75 g (50.0 mmol) of a,a'-o-xylene dichloride and 2.0 ml of water were 
added. The reaction mixture was kept stinred vigorously at yo^'C for 12 hours under atmospheric pressure of carbon 

IS monoxide while dropwise adding water at a rate of 16 ml/12 hours. After confirming conrplete disappearance of the 
starting material by gas chromatography, the reaction mixture was cooled to room temperature. 50 ml of water. 1 00 ml 
of monochlorobenzene, and 30 ml of concentrated hydrochloric acid were added thereto, and chlorine gas was intro- 
duced for 5 minutes. The reaction mixture was separated into an acidic aqueous layer and an organic layer. The organic 
layer was concentrated under reduced pressure, and the residue was recrystallized from toluene/hexane (2.5/1) to 

20 obtain 6. 1 1 g (yield: 82.5%) of 3-isochromanone. On the other hand, the acidic aqueous layer was concentrated under 
reduced pressure, and the residue was suspended in 50 ml of ethanol. To the suspension was added 600 mg of triphe- 
nylphosphine. followed by stirring for 2 hours. The precipitated solid was isolated by filtration arKi washed successively 
with 50 ml of water and 50 ml of ethyl ether to afford 341 mg of dichlorobis(triphenylphosphine)palladium. 

25 EXAMPLE 17 

Into a 2000 cc round flask were put 2.00 g (2.85 mmol) of dichlorobis(triphenylphosphine)palladium. 1.66 g (6.33 
mmol) of triphenylphosphine, 89.1 g (1.20 mol) of calcium hydroxide, and 860 g of t-butyl alcohol. After displacing the 
atmosphere with cartoon monoxide three times, the mixture was stirred at 70<*C for 1 hour in a cartDon monoxide atmos- 
30 phere at 2 atm (gauge pressure: 1 kg/cm^. Then 100 g (571 mmol) of a,a*-o-xylene dichloride and 22.5ml of water 
were added. A 10 ml portion of water was further added thereto 13 times for every 30 minutes. Meanwhile the reaction 
mixture was kept stirred vigorously for 7 hours at 70<*C in a cartx)n nrK)noxide atmosphere under 2 atmospheres (gauge 
pressure: 1 kg/cm^). After confirming complete disappearance of the starting material by gas chromatography, the reac- 
tion mixture was cooled to room temperature, and 500 ml of water, 300 ml of toluene, and 200 ml of concentrated hydro- 
ps chloric add were added thereto. The insoluble solid was separated by filtration, and the filtrate was separated into an 
acidic aqueous layer and an organic layer. The organic layer was extracted with 400 ml of a 15% sodium hydroxide 
aqueous solution. To the resulting alkaline aqueous layer was added 200 ml of concentrated hydrochloric acid, and the 
mixture was again extracted with three 150 ml portions of toluene. The toluene extracts were combined and concen- 
trated under reduced pressure to furnish 71 .7 g (yield: 84.7%) of 3-isochromanone. 

40 

EXAMPLE 18 

In a 5000 cc round flask were put 6.00 g (8.55 mmol) of dichlorobis(triphenylphosphine)palladium. 4.97 g (19.0 
mmol) of triphenylphosphine. 287 g (3.60 vnofi of calcium hydroxide, 300 g (1.71 mot) of a,a-o-xylene dichloride. and 

45 2.58 kg of t-butyl alcohol. After displacing the atnrx)sphere with cartoon nfK)noxide three times, the mixture was heated 
to 70°C, and 70 ml of water was added thereto in a cartoon monoxide atmosphere at 1.5 atm (gauge pressure: 0.5 
kg/cm^). Eighteen 30 ml portions of water were further added thereto for every 30 minutes. Meanwhile the reaction sys- 
tem was vigorously stired for a total period of 9.5 hours. After confirming conrplete disappearance of the starting mate- 
rial by gas chromatography, the reaction mixture was cooled to room temperature, and 800 ml of water was added 

50 thereto, followed by filtration to separate the insoluble solid. The resulting alkaline filtrate was washed with two 600 ml 
portions of toluene. The aqueous layer was rendered acidic by addition of 400 ml of concentrated hydrochloric acid and 
extracted with three 800 ml portions of toluene. The toluene extract was concentrated under reduced pressure to afford 
210.2 g (yield: 83.0%) of 3-isochromanone. 

55 EXAMPLE 19 

Into a 300 cc round flask were put 350 mg (0.500 mmol) of dichlorobis(triphenylphosphine)palladium. 290 mg (1 .1 1 
mmol) of triphenylphosphine. 7.80 g (105 mmol) of calcium hydroxide, and 100 g of t-butyl alcohol. After displacing the 
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atmosphere with carbon monoxide three times, the mixture was stirred at 70°C for 1 hour in a carbon monoxide atmos- 
phere under atmospheric pressure. Then 8.75 g (50.0 mmol) of a,a'-o-xylene dichloride and 3.0 ml of water were 
added, and reaction mixture was vigorously stirred at TO^C for 21 hours under atmospheric pressure of carbon monox- 
ide. The reaction mixture was cooled to room temperature, and 100 ml of water was added thereto, followed by filtration 

5 to separate into an Insoluble solid and an alkaline filtrate. The alkaline filtrate was washed with two 25 ml portions of 
ethyl ether, made acidic by addition of 30 ml of concentrated hydrochloric acid, and extracted with two 100 ml portions 
of ethyl ether. On the other hand, 3N hydrochloric acid was added to the separated insoluble solid, and the insoluble 
palladium catalyst was separated by filtration. The filtrate was extracted with two 50 ml portions of ethyl ether. All the 
ethyl ether extracts were combined and concentrated under reduced pressure to obtain 4.02 g (yield: 54.6%) of 3-iso- 

10 chromanone. The ether washing of the alkaline filtrate was evaporated under reduced pressure to remove the solvent 
and the like to recover 2. 11 g of the o-xylene dichloride. 

EXAMPLE 20 

75 In a 300 cc round flask were put 350 mg (0.500 mmol) of dlchlorobis(triphenylphosphine)palladlum, 290 mg (1 .1 1 
mmol) of triphenylphosphine. 7.80 g (1 05 mmol) of calcium hydroxkJe, and 1 00 g of t-butyl alcohol. After displacing the 
atmosphere with cart)on nmnoxide three times, the mixture was stin-ed at 70^0 for 1 hour in a cartxsn monoxide atnios- 
phere under atmospheric pressure. Then 8.75 g (50.0 mmol) of a,a'-o-xytene dichloride and 8.0 ml of water were 
added, and reaction mixture was vigorously stirred at 70^*0 for 1 1 hours under atmospheric pressure of cart>on monox- 

20 ide. After the reaction, the reaction mixture was cooled to room tenrperature, and 100 ml of water was added thereto, 
followed by filtration to separate into an insoluble solid and an alkaline filtrate. The alkaline filtrate was washed with two 
25 ml portions of ethyl ether, made acidic by addition of 30 ml of concentrated hydrochloric acid, and extracted with two 
100 ml portions of ethyl ether. On the other hand, 3N hydrochloric acid was added to the separated insoluble solid, and 
the insoluble palladium catalyst was separated by filtration. The filtrate was extracted with two 50 ml portions of ethyl 

25 ether. All the ethyl ether extracts were combined and concentrated under reduced pressure to obtain 3.80 g (yieki: 
51 .3%) of 3-lsochromanone. The ether washing of the alkaline filtrate was evaporated under reduced pressure to 
remove the solvent and the like to recover 2.53 g of the o-xylene dichloride. 

EXAMPLE 21 

30 

In a 300 cc round flask were put 350 mg (0.500 mmol) of dichlorobis(trlphenylphosphine)palladlum, 290 mg (1 .1 1 
mmol) of triphenylphosphine, 7.80 g (105 mmol) of calcium hydroxkie, and 100 g of t-butyt alcohol. After displacing the 
atmosphere with cartx)n nrx)nQxide three times, the mixture was stinted at 70''C for 1 hour in a cartx}n monoxide atmos- 
phere under atmospheric pressure. Then 8.75 g (50.0 mmol) of a,a -o-xyiene dichloride and 20 ml of water were added, 

35 and reaction mixture was vigorously stirred at 70''C for 1 1 hours under atmospheric pressure of carbon monoxide. After 
the reaction, the reaction mixture was cooled to room temperature, and 100 ml of water was added thereto, followed by 
filtration to separate into an Insoluble solid and an alkaline filtrate. The alkaline filtrate was washed with two 25 ml por- 
tions of ethyl ether, made acidic by addition of 30 ml of concentrated hydrochloric add, and extracted with two 100 ml 
portions of etiryl ether On the otiier hand, 3N hydrochloric acid was added to tiie separated insoluk>le solid, and the 

40 insoluble palladium catalyst was separated by filtration. The filtrate was extracted with two 50 ml portions of ethyl etiier. 
All the ethyl ether extracts were combined arKi concentrated under reduced pressure to obtain 4.26 g (yield: 57.6%) of 
3-lsochromanone. The ether washing of the alkaline filtrate was evaporated under reduced pressure to remove tiie sot- 
vent and tiie like to recover 2.94 g of the o-xylene dichloride. 

45 EXAMPLE 22 

In a 300 cc stainless steel-made autoclave were charged 350 mg (0.500 mmol) of dichlorobis(triphenylphos- 
phlne)palladium, 290 mg (1 .1 1 mmol) of triphenylphosphine, 8.75 g (50.0 mmol) of a.a'-o-xytene dichloride, 7.80 g (105 
mmol) of calcium hydroxkJe, 3.0 ml of water, and 100 g of t-butyl alcohol. After displacing the atmosphere with carbon 

50 monoxide three times, the mixture was stinred at 70°C for 1 0 hours under 2 atm of cartDon monoxide (gauge pressure: 
1 kg/cm^). After the reaction, the reaction mixture was cooled to room temperature, and 100 ml of water was added 
thereto, followed by filtration to separate into an Insoluble solid and an alkaline filtrate. The alkaline filtrate was washed 
with two 25 m) portions of ethyl ether, made acidic by addition of 30 ml of concentrated hydrochloric add. and extracted 
with two 100 ml portions of ethyl ether. On the other hand, 3N hydrochloric acid was added to tiie separated insoluble 

55 solid, and the insoluble palladium catalyst was separated by filtration. The filtrate was extracted with two 50 ml portions 
of ethyl ether. All tiie ethyl ether extracts were coni)ined and concentrated under reduced pressure to obtain 4.28 g 
(yiekl: 58.1%) of 3-isochromanone. The ether washing of the alkaline filtrate was evaporated under reduced pressure 
to remove tiie solvent and the like to recover 1 .67 g of the o-xylene dichloride. 
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EXAMPLE 23 



In a 300 cc stainless steel-made autoclave were put 350 mg (0.500 mmol) of dlchlorobls(triphenytphosphine)palla- 
dium, 290 mg (1 .11 mmol) of triphenylphosphine, 8.75 g (50.0 mnwl) of a,a'-o-xy1ene dichloride, 7.80 g (1 05 mmol) of 
5 calcium hydroxide, 1 5.0 ml of water, and 1 50 g of t-butyl alcohol. After displacing the atmosphere with carbon monoxide 
three times, the mixture was stirred at 70'*C for 5 hours under 2 atm of carbon nrxjnoxide (gauge pressure: 1 kg/cm^). 
The reaction mixture was cooled to room temperature, and 100 ml of water and 30 ml of concentrated hydrochloric acid 
were added thereto. Analysis of the reaction mixture by gas chromatography revealed production of 3-isochronf^none 
at a yield of 72.9%. 



REFERENCE EXAMPLE 1 

In a flask was put 4.37 g (41.1 mmol) of trimethyl orthoformate and cooled to -30**C. A solution of 4.62 g (32.5 
mmol) of a boron trrfluoride diethyl ether complex in 15 ml of methylene chloride was added thereto dropwise over a 

15 period of 5 minutes. The reaction mixture was stin'ed at 0*^0 for 20 minutes, and 20 ml of methylene chloride and 2.00 
g (1 3.5 mmol) of 3-lsochromanone were added thereto at -70°C. Then. 5.24 g (40.5 mmol) off diisopropylethylamine was 
added thereto ever 8 minutes, followed by stimng at that temperature for 1 hour and then at room temperature for 1 
hour. To the reaction mixture was added 20 ml of concentrated hydrochloric add, followed by stirring at room tempera- 
ture for 3 hours. After conrpletion of the reaction, the reaction mixture was extracted with three 20 ml portions of chlo- 

20 reform. The organic layers were combined and concentrated. The residue was purified with silica gel column 
chromatography (ethyl acetate : hexane = 4 : 1) to obtain 1.12 g (yield: 47.0%) of 4-(a-methoxy)methylene-3-isochro- 
manone. 



A solution of 4.37 g (41 .1 mmol) of trimethyl orthofornnate in 15 ml of methylene chloride was cooled to -30°C, and 
4.62 g (32.5 mmol) of a tx)ron trifluorrde diethyl ether complex was added thereto. After stirring at 0°C for 15 minutes, 
20 ml of methylene chloride and 2.00 g (13.5 mnrK>l) of 3-isochromanone were added thereto at -70''C. Then, 5.24 g 
(40.5 mmol) of diisopropylethylamine was added thereto dropwise over 7 minutes, followed by stirring at that tempera- 
30 ture for 1 hour and then at room temperature for 2.5 hours. To the reaction mixture was added 50 ml of 1 N hydrochloric 
acid, followed by stinring at room temperature for 1 hour. After completion of the reaction, the reaction mixture was 
extracted with two 20 ml portions of chloroform. The organic layers were combined and concentrated. The residue was 
purified with silica gel column chromatography (ethyl acetate : hexane = 4 : 1) to obtain 2.30 g (yield: 89.4%) of 4-(a- 
methQxy)methy1ene-3-isochromanone. 



INDUSTRIAL APPLICABILITY 

According to the process of the present invention, 3-isochromanones can be produced in good yield at high selec- 
tivity by reacting an a,a*-o-xylene dihalide derivative with cart>on nfK)noxide and water in an organic solvent in the pres- 
40 ence of a palladium catalyst and an inorganic base. 

According to the process of the present invention. 2-(halomethyOphenylacetic add esters can be produced In good 
yield and selectivity by reacting the thus obtained 3-isochromanone with a hydrogen halide and an alcohol or reacting 
the 3-isochromanone with a dihalomethyl alkyi ether and then reacting the product with an alcohol in the presence of a 
base. 

45 Production of the objective conpounds with good yieki and selectivity, which Is characteristic of the present inven- 
tion, is of great advantage in industrialization in view of simplification of equipment, reaction efficiency, and simplifica- 
tion of purification process. 
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25 



35 



Claims 



50 



1 . A process for producing 2-(halomethyl)-phenylacetic add esters represented by the following formula (3): 



55 
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wherein represents a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 cailson atoms, or an 
alkyloxy group having 1 to 6 carbon atoms: represents an alkyt group having 1 to 6 carbon atoms; and X repre- 
sents a halogen atom. 

which comprises reacting a 3-isochromanone represented by the following formula (1): 



(1) 



wherein R^ is the same meaning as defined above. 

with a hydrogen halide and an alcohol represented by following formula (2): 

r20H (2) 

wherein R^ Is the same meaning as defined above. 

The process according to daim 1 . wherein said hydrogen halide is hydrogen chloride. 

A process for producing 2-(halomethy()-phenylacetic add esters represented by the following formula (3): 



•cc 



wherein R^ represents a hydrogen atom, a halogen atom, an alkyl group having 1 to 6 cartx)n atoms, or an 
alkyloxy group having 1 to 6 cartx>n atoms: R^ represents an alkyl group having 1 to 6 cartx)n atoms: and X repre- 
sents a halogen atom, 

which comprises: 

reacting a 3-isochromanone represented by the following formula (1): 

(1) 



wherein R^ is the same meaning as defined above, 
with a dihalomethyl alkyl ether to obtain a reactant; and then 
reacting the reactant with an alcohol represented by the following formula (2): 

R^OH (2) 

wherein R^ Is the same-meaning as defined above, 
in the presence of a base. 

The process according to daim 3, wherein said dihalomethyl alkyl ether is dichloromethyt methyl ether. 

A process for producing 3-isochromanones represented by the following formula (1): 
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(1) 



wherein represents a hydrogen atom, a halogen atom, an alkyi group having 1 to 6 carbon atoms, or an 
alkyloxy group having 1 to 6 cartx)n atoms, 
which comprises: 

reacting an a.a'-o-xylene dihalide derivative represented by the following formula (4): 



wherein is the same meaning as defined above; and X represents a halogen atom, 
with cartx)n monoxide and water in an organic solvent in the presence of a hydrogen halide capturing agent 
and a catalyst to obtain a reactant; and then 
treating the reactant with an acid. 

6. The process according to daim 5, wherein said catalyst is selected from a palladium catalyst, a cobalt catalyst, and 
an iron catalyst 

7. The process according to daim 5. wherein said hydrogen halide capturing agent is an alkaline earth metal Inor- 
ganic base. 

8. The process according to daim 7, wherein said alkaline earth metal Inorganic base is calcium hydroxide. 

9. The process according to any one of daims 5 to 8, wherein said organic solvent is an alcohol having 3 to 1 0 carbon 
atoms. 

10. The process according to any one of claims 5 to 9, wherein said reacting is carried out while water is gradually 
added. 




<4) 
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